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Objectives. To review the management of vertebral artery injuries, and the impact of pre-operative angiography.
Materials and methods. A retrospective review was conducted of all patients with vertebral artery (VA) injuries admitted
to Groote Schuur Hospital, Cape Town between January 1987 and December 2002. Patients presenting with uncontrolled
active bleeding or haemodynamic instability with a poor response to resuscitation were taken immediately to surgery. Stable
patients, including those who stabilised after simple resuscitation, with evidence of a vascular injury (a bruit or a large
haematoma) or trans-cervical gunshot wounds, underwent routine aortic arch and selective angiography.
Results. One hundred and one patients with vertebral artery injuries were included in the study. Ninety-two patients
sustained penetrating injuries (41 gunshot, 51 stab), three were iatrogenic and six due to blunt trauma. Angiography was
performed as the primary investigation in 88 patients, while seven patients had angiography following surgery. Thirty-nine
vertebral artery occlusions, 11 arteriovenous fistulae, two intimal injuries and 36 false aneurysms were identified. Thirty-
three radiological interventions were performed. There were 22 associated vascular injuries in 16 patients, 27 nerve injuries
in 25 patients, 11 osseous injuries in nine patients and eight aerodigestive injuries. Seven patients died.
Conclusions. Angiography and intervention is of great benefit in the diagnosis and management of traumatic vertebral
artery injuries. Angiography often avoids unnecessary exploration and permits endovascular treatment.
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Introduction
Vertebral artery injury is a rare occurrence, even in a busy
urban trauma unit. Anatomical factors, distortion arising
from the trauma and haemorrhage complicate surgical
intervention, and operative exploration may add to the
morbidity of the original injury. Angiography may limit
morbidity by identifying arterial and/or venous injury
and allow endovascular intervention as a primary
treatment option, thus avoiding surgical exploration.
In order to assess the impact of angiography on the
management of patients with vertebral injuries at
Groote Schuur Hospital, a retrospective review of the
records of those patients who had sustained vertebral
artery (VA) injuries was performed.
Patients and Methods
The records of 101 consecutive patients with vertebral
artery injuries seen at Groote Schuur Hospital between
January 1987 and December 2002 were retrospectively
reviewed. All patients were managed according to
standard protocols in both the Trauma and Radiology
units.1 Unstable patients were resuscitated according
to the Advanced Trauma Life Supportw (ATLS)
guidelines. Patients with active, uncontrolled bleeding
or haemodynamic instability with little or no response
to resuscitation were immediately taken to surgery.
Other indications for emergency neck exploration
were an expanding or very large haematoma, high
velocity gunshot injuries, ‘sucking wounds’ and a
compromised airway. Injuries detected at surgery
were ligated, clipped or packed with bone wax. No
attempts were made to repair the vertebral artery.
Stable patients, including those with evidence of a
vascular injury as indicated by (bruit/thrill or a large
haematoma), those who stabilised after simple resus-
citation and trans-cervical gunshot wounds under-
went routine aortic arch and selective angiography.
Vertebral artery injury due to severe blunt cervical
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trauma were suspected in any patient presenting with
hemorrhage from mouth, nose, ears or cervical
wounds; or expanding cervical hematoma; fractured
transverse process of C2 to C6 vertebrae; evidence of
cerebral infarction on CT scan; unexplained neuro-
logical deficit; and any mechanism of injury significant
enough to cause severe cervical hyperextension,
rotation or hyperflexion such as hanging. These
patients also had routine angiography.
Angiography was performed using the standard
Seldinger technique via the common femoral artery.
Standard 0.03800 lumen 5F headhunter catheters with 5
or 6F femoral sheaths were used for the selective and
interventive work. Stainless-steel 0.03800 Gianturco
coils, usually 5 mm diameter, were the standard
embolic agents deployed in the usual fashion, with
detachable balloons held in reserve. Selective cathe-
terisation of the subclavian or vertebral arteries was
only undertaken where the VA was obscured by
overlying vessels, or where the VA injury was
amenable to radiological intervention. In cases of
confirmed VA injury, the opposite VA and basilar
artery were also evaluated to check for variants and
cross-flow. Patients who had undergone surgery, and
in whom a VA injury was suspected intraoperatively,
underwent post-operative angiography to assess the
possibility of a VA injury as soon as the patient had
recovered and was stable.
The vertebral artery is usually the first cephalic
branch of the subclavian artery and is divided into
four parts:
. V1—from the origin of the vertebral artery to the
point at which it enters the C6 transverse process.
. V2—the segment of the artery within the cervical
transverse processes from C6 to C2.
. V3—the extra-cranial segment between the trans-
verse process of C2 and the base of the skull, as it
enters the foramen magnum.
. V4—the intra-cranial portion beginning at the
atlanto-occipital membrane and terminating at the
formation of the basilar artery.
Results
One hundred and one patients (82 males and 19
females) with a mean age of 28 years (range 16–50
years) with vertebral artery injuries were treated.
There were 51 stab wounds, 41 low-velocity gunshot
wounds, three iatrogenic injuries and six injuries due
to blunt trauma (Table 1). There were 49 left and 52
right VA injuries. The delay in presentation from the
time of injury varied from 1 h to 9 years. Eighty-one
patients presented within 8 h of injury, nine within 1
month and the remaining 11 after 1 month.
The patients were divided into three groups based
on the method of treatment (Table 2).
Group 1: Surgery with/without post-operative angiography
Twelve VA injuries were ligated: seven were located in
V1, four in V2 and one in V3. There were five
arteriovenous fistulae (AVF’s), three to vertebral
veins and two to the internal jugular vein. Three
AVF’s were ligated at surgery, while the remaining
two were successfully embolised (Table 3).
Bleeding from V2 was controlled using bone wax,
and subsequent angiographic coil embolisation was
successful in two patients. Another patient with a V2
injury was controlled using bone wax alone, and a
subsequent angiogram confirmed occlusion of the VA.
Two patients whose bleeding was controlled with
bone wax refused angiography. Both remained asymp-
tomatic at 8 months follow-up. In five patients, a VA
injury was not detected during the initial neck
exploration and angiography was performed because
of ongoing bleeding. In these cases, embolisation of the
first or second parts of the VA was successful. One
patient had V1 ligated and returned 3 weeks later with
an AVF. This was successfully embolised using a
detachable balloon. Two patients sustained iatrogenic
injuries during exploration of the neck for ongoing
bleeding and had the VA ligated. In total, angiography
was performed in 11 patients: three patients clinically
had AVF and the remaining eight patients for ongoing
bleeding despite surgery.
Table 1. Mechanism and location of injury.
Mechanism of injury Numbers Left Right
Stabs 51 29 22
LVGSW* 41 15 26
Iatrogenic† 3 1 2
Blunt trauma‡ 6 4 2
Total 101 49 52
*Low velocity gun shot wounds (LVGSW).
†Iatrogenic injury during neck exploration for unsuspected VA
injury.
‡Pedestrian motor vehicle accident.
Table 2. Anatomical distribution and management of injury.
Method of treatment V1 V2 V3 V4 Total
Surgery alone or followed by angiography 10 8 2 0 20
Angiography with/without embolisation 28 24 13 0 65
Angiography then surgery 12 3 1 0 16
Total 50 35 16 0 101
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Group 2: Angiography with/without endovascular
treatment (Table 3)
Sixty-two patients underwent angiography without
surgery. In 38 patients, angiography showed an
occluded VA and required no further intervention
(Fig. 1). Two had intimal injuries and were managed
conservatively. Twenty-two patients had successful
embolisation (15 coils, seven detachable balloons) for
17 false aneurysms and five arterio-venous fistulae
(three to the vertebral veins and two to the internal
jugular vein).
Three patients were lost to follow-up: two patients
with AVF’s that were embolised and one with an
intimal injury managed conservatively.
Group 3: Angiography followed by surgery (Table 3)
Seventeen patients had surgery performed after
angiography. Two patients underwent VA ligation
following failed endovascular intervention for high
flow AVF’s. Six patients had lesions considered
unsuitable for angiographic intervention and were
managed surgically. Lesions considered unsuitable for
intervention were those with injuries within 2 cm of
the origin of the vertebral artery, or in V3 close to the
posterior inferior cerebellar artery (PICA). High flow
fistula is regarded with caution because of the risk of
coil migration beyond the lesion. Two patients became
unstable during angiography and required emergency
surgery, where the VA was ligated. One of these two
patients sustained an iatrogenic laceration of the VA
intraoperatively but died after surgery. Three patients,
with unsuccessful attempts at embolisation of false
aneurysms, were managed surgically. One patient
with successful embolisation of a VA false aneurysm
required evacuation of a huge residual haematoma
(Fig. 2). Three patients with combined vertebral and
carotid artery injuries were explored; all injured VA’s
were ligated (above and below the injury), and carotid
artery injuries were repaired primarily.
Associated injuries
Associated vascular injuries involved the common
carotid (2), internal carotid (1), external carotid (1),
axillary (1) and brachial (1) arteries, as well as the
vertebral vein (10) and internal jugular vein (3).
Neurological injuries affected the spinal cord (4),
cranial nerves (12) and brachial plexus (6), and in
one case a radial nerve injury was present (arising
from a separate stab).
In total, 88 angiograms were performed: 11 in group
1, 62 in group 2 and 15 in group 3 (Table 4).
In group 1, there were 11 successful VA embolisa-
tions. In Group 2, there were 22 successful VA
embolisations and in group 3, there were 15 angio-
grams performed, in which 5 interventions failed (two
patients had high-flow AVF’s and three patients with
huge false aneurysms which could not be embolised).
In summary, there were 33 successful interventions,
five failed interventions and 50 purely diagnostic
angiograms that did not require any endovascular
management.
Three patients were lost to follow-up, two with an
AVF and one with an intimal injury. Seven patients
died (6.9%). Two patients with associated common
carotid artery injuries suffered cerebral hemispheric
infarction, four patients died from uncontrollable
bleeding and one patient died in the ward after a
positive angiogram. The post-mortem examination
revealed that he had a massive myocardial infarction.
One patient from group 3 suffered a complication
related to angiographic intervention. He had an AVF
between left V1 and the adjacent internal jugular vein.
During attempted embolisation, two coils passed
Table 3. Summary of surgical and radiological management of VA
injuries.
Procedures No. of patients
Group 1: surgery with/without postoperative angiography
VA ligated 9
Bone wax and embolisation of VA 2
Bone wax, occluded VA 1
Bone wax, patient refused angiography 2
VA injury missed at surgery, embolisation of VA 5
Recurrent AVF, embolised VA 1
VA ligated, then angiography 2
Total 22
Mortality 4(18%)
Group 2: angiography with/without intervention
Embolisation 22
Occluded VA 38
Intimal injury 2
Total 62
Mortality 1(1.6%)
Group 3: angiography followed by surgery
Failed intervention (AVF-2, FA-3) 5
Unsuitable for angiographic embolisation 6
Unstable patients 2
Evacuation of haematoma after embolisation of VA 1
Combined CCA and VA injury 3
Total 17
Mortality 2(11.7%)
Grand total 101
Overall mortality 7(6.93%)
VA, vertebral artery; AVF, arteriovenous fistula; FA, false aneurysm;
CCA, common carotid artery.
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through the AVF and lodged in the pulmonary artery
(Fig. 3).
After attempted extraction of the coils, the AVF was
surgically repaired. The patient made an uneventful
recovery and was asymptomatic at 4 years follow-up.
Discussion
VA injuries are uncommon, comprising less than 1% of
all vascular injuries.2 Their management can be
problematic and a variety of management techniques
  
Fig. 1. (a) A.P. View of a patient with a trans-cervical gunshot. (b) RAO View of the same patient (1) bullet, (2) right common
carotid artery, (3) right ascending cervical artery, (4) occluded right VA, (5) right subclavian artery.
                               
Fig. 2. (a) Selective angiogram of left VA (1) showing a false aneurysm (2) distal VA (3), (b) following embolisation with coils
(4).
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have been described.3 In the 70s, VA trauma was
associated with mortality rates of 20–40%.2 This figure
has fallen to below 10%, possibly due to better
paramedical care and resuscitation, and the increased
use of interventional angiography. Hatzitheofilou et al.
reported a 20% mortality rate in 22 VA injuries that
underwent emergency surgical treatment for massive
bleeding or airways problems and/or other major
associated injuries.4 The mortality rate of VA injury in
our series is 6.9%, but the associated injuries may not
have been similar. Neurological deficits in these
patients are almost always due to direct spinal cord
or nerve root damage, rather than ischaemic injury.5
VA injuries can result in free haemorrhage false
aneurysm formation, arterio-venous fistulae, occlu-
sion, dissection or intimal injury of the artery. Intimal
injury is usually the result of blunt VA injury resulting
in partial thrombosis of the artery with low flow or
complete occlusion with a stroke rate of up to 45%.6,7
AVF’s of the VA are rare, with only 3% of all traumatic
AVF’s in the civilian population affecting the vertebral
artery.8 These usually occur between the vertebral
artery and vertebral veins, but can also affect the
internal jugular vein.9 Three patients are reported here
with such fistulae, two in group 2 and one in group 3.
The natural history of vertebral AVF’s is unknown.
False aneurysms are fairly commonly seen. There are
well-documented cases in which VA false aneurysms
have resolved without direct intervention.10,11
Untreated, the mortality rate from VA false aneurysms
may be as high as 70%.12,13
The first part of the VA usually presents few
problems to the surgeon as it is readily exposed in
the neck.4 The second and third parts are extremely
difficult to expose, especially with active bleeding, as
this part of the artery is completely concealed within
the bony tunnel formed by the foramina transversaria.
Blind clipping or packing with bone wax carries the
risk of cervical nerve root damage. The third part is
situated in the unfamiliar sub-occipital triangle.14
Surgery is not always the best option. The manage-
ment of parts 2 and 3 injuries has been revolutionised
by the complementary role of interventional angio-
graphy, which offers clear advantages over surgery.
These include minimal invasion, lower risk of neuro-
logical injury, low recurrence rate and low morbidity.
These advantages are readily apparent in our results:
of the 88 angiograms performed, 33 endovascular
interventions were performed with five failed
attempts. The vessel should ideally be occluded both
proximal and distal to the injury and a microcatheter
‘cross-over‘ technique may be used.
Controversy still remains in a number of areas:
Is endovascular treatment of VA injury safe? The
reported morbidity results for endovascular therapy
range from 0 to 5%,15 with no reported mortality,
although patient numbers are small. We experienced
Table 4. Associated injuries.
Type of injury Number of injuries Number of patients
Vascular (other) 14 13
Nerve 23 21
Aerodigestive 8 8
Osseous 11 9
Other* 9 6
*Thoracic duct (1), spleen (1), diaphragm (5), chest (2).
          
Fig. 3. (a) LAO View of same patient (1) 1st part of VA, (2) left internal jugular vein, (3) left ascending cervical artery, (4)
arterio-venous fistula. (b) Two coils lodged in the pulmonary arteries (left and right).
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one asymptomatic complication due to distal coil
migration and one, probably unrelated, post-angio-
gram death.
Should an occluded VA be left alone or ‘made safe‘ by
embolising it with coils? Some authors feel that
angiography may incorrectly suggest occlusion,5 but
in our series no angiographically occluded VA was
subsequently found to be patent. Occluded VA’s were
not embolised to ‘make safe,‘ but angiographic follow
up is perhaps indicated in such cases.
Is there a place for VA repair?15 The anatomy of the
vertebrobasilar artery system is such that paired
vertebral arteries supply the basilar artery. In the
event that one is injured, the contralateral artery can
compensate. There is also significant collateralisation
potential through the Circle of Willis. The risk of
ligating or occluding the VA in the presence of a
normal contralateral vessel is small. However, injury
or occlusion of V4 may result in cerebellar infarction.
In our series, the two patients who presented with
cerebral infarction had associated common carotid
artery injuries. Contralateral vertebral angiography is
advised to detect hypoplasia (15%) or abnormal
basilar connection (5%), as well as cross-flow to the
damaged vertebral artery.16
In conclusion, angiography and intervention is of
great benefit in the diagnosis and management of
traumatic vertebral artery injuries. Angiography often
avoids unnecessary exploration and permits endovas-
cular treatment. Recent reports indicate that Spiral CT
and Duplex Doppler may be sensitive and specific
detectors of VA injury and could be of value in
selection of patients for angiography, surgery or
observation.17
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